Different gum concentrations of carboxymethyl cellulose (CMC)-guar gum (GG) mixtures (1.5, 2.0, 2.5%) and their volumetric mixing ratio (25:75, 50:50, 75:25) were analyzed for Burger model parameters by using response surface design approach based on creep-recovery measurements at 15, 25, 35 °C. Four component Burger model was used to characterize viscoelasticity of gum mixtures with experimental creep-recovery responses (J 0 , J 1 , t 1 , η 0 , Jr 0 , Jr 1 and tr 1 ) and it was found to be satisfactory (R 2 = 0.82-0.99) for the determination of the creep-recovery properties of gum mixtures. The high ratio of GG in concentrated CMC-GG mixture provided an increase in the elasticity in the strong or stiffer structure of gum mixtures at especially low temperatures when it was compared to CMC. However, at high temperature viscous property of the CMC-GG mixture was dominant. It was found that regressed parameters from Burger model were highly dependent to temperature with respect to both volumetric mixing ratio and concentration. Özellikle düflük s›cakl›klarda, yüksek GG içeren konsantre gam kar›fl›mlar› CMC ile karfl›laflt›r›ld›¤› zaman kar›fl›m›n elastisitesini ve mukavemetini artt›rm›flt›r. Öte yandan, yüksek s›cakl›kta kar›fl›m›n viskoz özelli¤i bask›nd›r. Burger model regresyon parametrelerinin hacimsel CMC-GG kar›fl›m oran› ve konsantrasyonuna k›yasla daha çok s›cakl›¤a ba¤l› oldu¤u bulunmufltur.
INTRODUCTION
Gums are the main ingredients in foods as a thickening and gelling agents to control viscosity (1) . The use of two or more gums in a mixture is a common practice in the food industry due to synergistic interaction between or among themselves (1) . Guar gum (GG) is used as an economical thickening and stabilizing agents in the food industry and is often combined with xanthan gum (XG), locust bean gum (LBG), or carboxymethyl cellulose (CMC) to increase synergistic changes in viscosity or gelling behaviour of complex food stucture (2) .
When gums-either individually or in mixturewere used viscosity of that particular food need to be controlled as the rheological characterization of a mixed gums is important for product quality and shelf life. Due to viscoelastic nature of gums, elastic and viscous properties of gum solutions can be measured using small amplitude oscillatory shear (SAOS) and creep recovery tests as SAOS test gives the knowledge of dynamic properties such as elastic modulus (G') and loss modulus (G") in the linear viscoelastic region range (3) . Creep-recovery tests are the most commonly used methods to define viscoelastic properties of materials (3) . Creep and recovery are coupled test that creep test is obtained by applying a constant shear stress to the material, and deformation (strain) is recorded over the creep time. In the recovery part, shear stress is removed and again deformation is recorded over recovery time. The deformation supplies the alteration in molecular structure of material during this test. Burger model which is combined with Maxwell (4) and Kelvin-Voigt Model (5) connected in series determines the stress relaxation characteristics of viscoelastic samples from the resulting creep and recovery rheological measurement. This model is a mechanistic approach of viscoelasticity to simulate the linear relaxation of real viscoelastic materials at the small material strains. Each regressed coefficients (J 0 , J 1 , t 1 , η 0 , Jr 0 , Jr 1 and tr 1 ) of Burger model signify to distinct viscoelastic characterization of mixed gums.
However, there is a limited number of studies on Burger model application into complex food or non-food systems. For example, Chompoorat et al. (6) analyzed diacetyl tartaric acid ester of monoglycerides (DATEM), ascorbic acid (AA), urea, and dithiothreitol (DTT) on viscoelastic properties of gluten using Burgers model. It was found that Burger model coefficients served as a tool to explain changing viscoelastic nature of gluten mixtures. On the other hand, Dogan et al. (7) used Burger model to find optimum gum mixtures which provides the highest resistance to deformation on pudding samples. Another study of Dogan et al. (8) is also related to the Burger model simulation on viscoelastic properties of ice cream samples as a function of different xanthan gum concentrations. Common side of these studies is the applicability of Burger model into complex food structured system using mechanical approach. From regressed Burger coefficients, it is possible to control physical characteristics related to the improvement of product design and quality. But, to our best knowledge there is no prior study on CMC-GG mixed gums based on creep-recovery parameters of the gum combination using Burger model.
Prediction of deformation knowledge of mixed gums with respect to different working conditions helps us to design and develop of new food materials for food industry. The aim of this study is to investigate effects of concentration of CMC-GG solutions, temperature and volumetric mixing ratio (CMC/GG) and their interaction terms on the creep-recovery parameters of CMC-GG mixture samples by modeling their viscoelastic behavior using Burger Model and to determine the relation between the regressed coefficients at the different design levels.
MATERIALS AND METHODS

Materials
Polymer powders of guar gum (GG) and sodium carboxylmethyl cellulose (CMC) (Sigma-Aldrich Corp, St Louis, MO), with nominal molecular weight of 700,000 g/mol were kindly provided by Dr. Kerim YAPICI, Department of Nanotechnology Engineering, Cumhuriyet University, Sivas, Turkey.
Preparation of gum solutions
The CMC and GG powders were dissolved in distilled water separately at 25 °C for 6 h using a magnetic stirrer with gentle shaking in order to prepare 1.5, 2 and 2.5% (w/v) stock solutions of CMC and GG. The CMC stock solution was 
Measurements of rheological properties
Creep and recovery tests of the samples measurements were performed by using a stress controlled rheometer (Malvern Kinexus Pro, UK) fitted by a cone-and-plate system (50 mm diameter, 1° cone angle). A peltier plate assembly was used for temperature controlling purpose during the measurements with ±0.1 °C precision. Strain amplitude sweep over a stress was carried out under constant frequency to determine linear viscoelastic region storage. Elastic modulus (G') and loss modulus (G") of each sample changing with respect to oscillatory stress at a constant frequency of 1 Hz are given in Figure 1 .
In the figure all curves show common viscoelastic region up to 0.05 Pa characterized by a constant modulus with respect to stress. So, creep-recovery tests were carried out under the constant shear stress of 0.05 Pa (in linear viscoelastic region) at three different temperatures (15, 25, and 35 °C) to measure the deformation of mixtures. All experiments were conducted in duplicate.
Creep-recovery tests include two parts, one of which is creep phase in which 0.05 Pa constant stress was applied for 120 s and the compliance values were recorded as a function of time. In the second part, which is recovery part, the applied stress was removed and then compliance values were also obtained as a func-tion of time for 120 s. In creep-recovery test, the stress response of samples under constant stress in a total time of 240 s was measured. Compliance value (Jc(t), Pa -1 ) shows deformation of mixed gums per unit stress as function of time (9) (data not shown).
Burger model
The effect of concentration of CMC-GG solutions, temperature and volumetric mixing ratio (CMC/GG) on the creep-recovery characteristics data of CMC-GG mixed gel were fitted into Burger model (10) . Burger model has been commonly applied to study viscoelastic behavior of soft matter (11) . Deformation behavior of material also was described by using Burger model coefficients. These regressed parameters from the model are given with the near corresponding compliance values depicted in Figure 2 .
Burger model, a combination of Maxwell and Kelvin-Voigt model, is represented by a spring and a dashpot; while, a parallel arrangement between spring and dashpot is used in KelvinVoigt model. It has two constitutive equations for creep and recovery parts. Equation (1) zero shear rate viscosity of gum mixture (η 0 ). This element corresponds to an increase in deformation of dashpot. Burger model also yields recovery characteristics of gum mixtures. Equation (2) shows the Burger model during recovery:
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Equation (2) contained only 3 elements because there is no dashpot (pure viscous) during recovery phase. J r0 is the first part of recovery, corresponds to the spring of the Maxwell element. J r1 is the second recovery due to the Kelvin-Voigt element. t r1 represents the time that takes the gum mixture recovery step required for the elastic recovery of gum mixture.
Experimental design and statistical analysis
Response surface design was used to observe the effect of GG and CMC mixed gum on the parameters of the sample obtained from creep and recovery measurements. The relationship between the responses of J0, J1, t1, _0, Jr0, Jr1 and tr1 values and independent variables of temperature, concentration of CMC-GG solutions and volumetric mixing ratio (CMC/GG) were examined by using the Box-Behnken Design (BBD) with a quadratic model. A second order polynomial model was fitted to represent linear, interaction and quadratic effects of variables on Burger parameters. The experimental design of Box-Behnken model is represented in 
RESULTS AND DISCUSSION
By calculating creep and recovery parameters of Burger model, the information of internal structure of gum mixtures at a given volumetric mixing ratio and temperature levels was obtained. All related model parameters were illustrated in Table 2 and Table 3 .
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Equation (2) It was found that J 0 values were smaller than J 1 leading to higher viscoelastic behavior than elastic nature of gum mixtures. At the maximum concentration of CMC and GG solutions level (2.5 %), J 1 values were higher due to intermolecular interaction between GG-CMC mixture depended strongly on the concentration of CMC and GG solutions. The interactive effects of significant variables were represented in contour plots as shown in Figure 3 .
The maximum response is referred to a surface confined in the smallest ellipse in a contour plot. The perfect interaction between the independent variables can be shown when elliptical contours are obtained (11) . Figure 3a shows that the effect of concentration of CMC and GG solutions and temperature on J 1 with the interactive effect of concentration of CMC and GG solutions and positive significant effect of temperature ( Figure  3a ). As shown in Figure 3a , the viscoelastic response, J 1 , for high volumetric mixing ratio of GG was significantly increased as the temperature increased. Especially, J 1 reached maximum value of 4.19 Pa -1 (25 °C ) at high concentration of CMC and GG solutions (2.5%) and GG ratio (25:75) in the mixture (Table 2 ). Higher content of GG caused an increase in the viscoelasticity by 7.55% when compared to CMC (Table 2 , Samples 6 and 14). Moreover, increased temperature also provided an increasing effect on the viscoelasticity (Table 2 , Samples 4 and 5). For creep phase parameter of J 1 , the increase in the ratio of GG reinforced the viscoelastic structure of mixed gum by decreasing the viscosity especially at high concentration of 2.5(%) at 35 °C Modeling of Burger Parameters for CMC-GAR Gub Based... as in Figure 3a . At 35 °C, maximum viscoelasticity was also observed with high mixing concentration ratio of 50:50 (Table 2 , Sample 9). Hence, higher permanent deformation of mixed gum was obtained at high values of J 1 .
When highly extend of GG in mixture, the viscoelasticity of gum mixture can be attributed to entanglement network structure due to more elastic nature of GG than that of CMC. On the other hand, retardation time, t 1 was directly related to viscoelastic properties which was similar to J 1 . So, it has showed similar trends as in J 1 . Increasing concentration of CMC and GG solution did not significantly change t 1 (P >0.05), but it was highly dependent on the mixed gum ratio. η 0 gives the degree of zero shear rate viscosity of gum mixtures and was significantly changed with temperature. η 0 values ranged at 62.19-266.73 (Pa.s) ( Table 2 ). It was noted that η 0 values decreased with increasing temperature (Sample 5 and 9, Table 2 ). A significant synergetic effect of CMC-GG mixture was also observed even at low concentration (1.5%) and the ratio of 50:50 mixture. Thus, the viscous behavior of CMC-GG solutions also increased up to 83 Pa.s at 35 °C (Table 2 ). However, it was found that gum mixtures showed higher η 0 values which were expressed more stiff structure of gum mixture at 15 °C.
In recovery phase, Jr 0 is related to the elastic nature of gum mixture, whereas Jr 1 is related to the viscoelastic behavior of concentration of CMC and GG solutions (Table 3) . These parameters showed the same trend in which their values considerably changed with temperature. Effect of CMC and GG solutions's concentration and temperature on Jr 1 represented in Figure 3 . Increasing temperature, recovery coefficients remarkably decreased due to viscous deformation of gum mixtures and irreversibly deformation of elastic chains between CMC-GG molecules. Also, tr 1 values reached to higher values at 35 °C (Table 3) . On the other hand, at low temperature, recovery was obtained at a shorter time after the applied deformation, and gum mixtures became more stiff structure. For example, at 15 °C, viscoelastic recovery coefficients amplified to the order of 350 Pa -1 due to giving quick response of gum chains compared to 35 °C when the applied force removed at high volumetric mixing (CMC/GG) ratio in the mixture.
After the determination of the Burger model parameters of the CMC-GG mixed gum, BoxBenhken design was applied to model as a function of temperature, concentration of CMC and GG solutions, and volumetric mixing ratio (CMC/GG). Table 4 (Figures 4a-g ), in which the process variables below the vertical line are considered insignificant and those above the line with a negative sign also implied significant effect but in opposite mode. Thus, only temperature and gum concentration positively affected J 1 , t 1 and tr 1 , whereas only gum concentration had a positive effect on J 0 (Figures 4a-g ).
CONCLUSIONS
Creep and recovery Burger model parameters of CMC-GG gum mixtures were analyzed with respect to temperature, concentration of CMC and GG solutions, and volumetric mixing ratio (CMC/GG). CMC-GG mixtures were also modeled in order to characterize distinct elastic, viscoelastic and viscous behavior of gum mixture using response surface design method in terms of Burger model parameters. The model was confirmed that parameters from Burgers model could assist in explaining changes in rheological structures. All elastic coefficients were found smaller order than viscoelastic coefficients. Viscoelastic characteristics of gum mixture were more pronounced at higher ratio of GG indicating a higher regressed viscoelastic coefficients of GG than CMC especially in concentrated gum mixture. On the other hand, recovery coefficients were found highly temperature dependent due to higher contribution of viscous deformation of gum mixtures and irreversibly deformed elastic chains between GG-CMC molecules at high temperature. e)
